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DiVerential item functioning is the degree to which items that comprise a measurement scale are systematically related to various exogenous variables (for example, sex, race, etc) after conditioning on the latent variable of interest, which is often represented by the total scale score. When an item functions diVerentially with respect to an exogenous variable and the source of this diVerential functioning is irrelevant to the construct measured the item is termed "biased." Description of item functioning, a relatively modern psychometric development, 1 is tantamount to providing evidence for, or against, construct validity, and is therefore of imminent importance to the use of measurement scales in epidemiological research. 2 The 10-item Perceived Stress Scale (PSS-10) is a popular Likert-type rating scale developed to quantify the psychological construct "perceived stress." 3 Herein, we present the first results of diVerential item functioning in the PSS-10.
Methods
A nationally representative sample (n = 2387) was collected by random digit dialling for a previously reported 4 US Department of Health and Human Services study that focused on psychological stress, health, and well being. The present study limits the sample to 2264 (95%) with complete data for variables of interest. The average age was 42 (SD 17) years.
DiVerential item functioning was assessed for each item on the exogenous variables sex (59% female), race (85% white, 8% AfricanAmerican, 4% Hispanic, 3% other) and education (48% greater than a high school education). The statistical formulation of the problem is: I i ⊥E j | . Paraphrased, each studied item (I i ) should be unrelated to each exogenous variable (E j ), after conditioning on the latent variable ( ). A test of the statistical formulation above where the I i are ordered variables is by use of Kendall's Tau-b ( b ). 5 Tau-b measures concordant and discordant pairs while correcting for ties, and has the range -1 < b < 1. An independent association between any studied item and exogenous variable ( b ≠ 0) provides evidence that item is functioning diVerently by level of the exogenous variable. While methods developed from item response theory or structural equations may be used to assess diVerential item functioning, the method outlined above is intuitively appealing, defensible 6 and has (in a similar form) previously been applied to other health measurement scales. 2 7 Confidence intervals (95% CI) were generated using a bootstrap method, resampling with replacement 1000 times for each b . In addition, exogenous variable level specific means, adjusted for the overall PSS-10, are provided by use of a general linear model. All analyses were conducted using SAS version 6.12. Table 1 shows the sample estimates of b , 95% CIs for b , and exogenous variable level specific adjusted means. Briefly, items 3, 6, 7, 8, and 10 functioned diVerently by sex, with women † All results adjusted for overall PSS-10 scale score. ‡ Race coded as white versus non-white. § Education coded as > high school education versus < high school education. ¶ 95% confidence intervals generated with 1000 bootstrap resamples.
Results
reporting higher perceived stress. Items 3 and 4 functioned diVerently by ethnicity, with white populations reporting increased perceived stress. Items 3 and 9 functioned diVerently by education, with higher educated participants reporting increased perceived stress, while items 4 and 8 functioned such that lower educated participants reported increased perceived stress. The adjusted mean item scores were never more than one third of a point diVerent (on 5 point scale).
Discussion
While statistically significant diVerential item functioning was observed for several items, all of the items appeared practically invariant to the exogenous variables, demonstrated by extremely small b s with narrow confidence intervals and the remarkably similar adjusted item means. These findings may be compared to a reported 2 mm reduction in blood pressure, with the 95% CI ranging from 1 mm to 3 mm; while an association is observed, it is near meaningless. Strong evidence for unidimensionality of the PSS-10 (a prerequisite to performing such analyses) was previously provided. 4 Using a purified sub-scale (total PSS-10 minus statistically significantly biased items) as the proxy for the latent variable did not appreciably change the results. The present analysis strategy may be insensitive to low levels of diVerential item functioning when the measurement scale consists of less than < 19 items, 8 therefore analysis using methods derived from item response theory would confirm the present findings. Combination of the potentially slightly biased items may explain the apparent test level bias towards women reporting higher levels of perceived stress in the PSS-10. 4 In summary, while several items exhibited statistically significant (p value < 0.05) diVerential item functioning by sex, race and/or education, none exhibited practically meaningful diVerential item functioning for the PSS-10 in a large (n = 2264) random sample of US adults. The finding of relative item invariance to sex, race, and education suggests continued widespread use of the PSS-10. However, the possibility of test level bias resulting from combined item level diVerences in the PSS-10 should be explored.
